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Description automatically generated]Stressor: Sediment (increase in tonnes/ha/year
from background)

Response: System Capacity (%)

Species: Westslope Cutthroat Trout
 (Oncorhynchus clarkii lewisi)

Life Stage: adult

System: Alberta foothills watersheds, excluding National Parks

Function Derivation: landscape correlation

Transferability of Function: This function could be applied to any of the three species for which it was developed (Bull Trout, Athabasca Rainbow Trout, and Westslope Cutthroat Trout) within the Alberta range. While increased sedimentation has been shown to influence many aquatic systems, this function should be applied to other species with caution. 

Model Validation: Model not validated on independent data. 


Detailed SR Function Description

Derivation of the function: 
Sedimentation can reduce the biological productivity of aquatic ecosystems and damage fish habitat (GOA 2023). The amount of sediment a stream can transport is based on numerous factors including, but not limited to, precipitation, surface water transport, erosion, topography, geology and riparian vegetation (reviewed in Muck 2010). Anthropogenic disturbances (e.g., such as roads, Lachance et al. 2008) can produce substantial inputs of sediments into streams in excess of natural levels. These increased rates of sediment delivery can adversely affect bull trout habitat and have lethal and sub-lethal effects throughout trout life history from egg incubation to adulthood (reviewed in Muck 2010). 
Potential impacts caused by excessive suspended sediments are varied, complex and often masked by other concurrent activities (Newcombe 2003), making it difficult to establish the specific effects of sediment impacts on fish (Chapman 1988). The sediment stressor-response curve was developed using sediment estimates obtained from ALCES online based on 2010 footprint and current FSA risk categories for the native trout species (see MacPherson et al. 2019; AEP 2013, 2018, 2019) in the HUC 8 watersheds across Alberta’s East Slopes. FSA risk categories vary from 0 (functionally extirpated) to 5 (very low risk). The dynamic pattern of sediment transport varies from watershed to watershed and aquatic ecosystems have adapted to the natural temporal and spatial pattern of this transport. As such, effects on fish from changes in sediment loading will be relative to natural conditions (Kemp et al. 2011). To capture relative change, sediment in the stressor-response curve was defined as the “sediment index” which is measured as potential sediment loading for 2010 (tonnes/ha/year) divided by potential sediment loading for 1910 (tonnes/ha/year). 
The sediment index (2010 loading/1910 loading) stressor-response curves were derived by: a) using logistic regression to develop a statistical model relating probability of being within a given FSA category to the log-transformed sediment index; and, b) converting this statistical model into a stressor-response curve relating sediment to the system capacity of the 3 trout species.  Proportional-odds logistic regression was used as the response variable is a multinomial ordered variable (Venables and Ripley 2002).  The proportional-odds assumption of independence among adjacent categories was assessed by comparing similarity of odds ratios among successive categories (Venables and Ripley 2002). 
The stressor-response curve was derived from the proportional-odds logistic-regression models by estimating sediment index levels required for a 90% probability of falling within a given FSA category.  This is similar logic to quantile regression (Cade and Noon 2003) that recognizes numerous unaccounted factors can be driving a response variable.  FSA categories were converted to percent of reference condition using population percentages at transition points between adjacent FSA categories.  
Compared to phosphorus, the data showed a much clearer separation among FSA categories with increasing sediment relative to background 1910 values. An adult FSA category of 4 existed in watersheds when relative sediment increases were negligible. FSA categories of 1 or 0 dominated when sediment increased more than 3-fold over background levels.  Not surprisingly, there was a significant and strong negative sediment effect on association with FSA categories (slope = -2.8, 95% profile confidence interval –3.8 to -2.0). The stressor-response curve is shown in Figure 1.
A major issue in assessing the importance of potential stressors in driving a response variable is collinearity amongst different stressors (Zuur et al. 2010).  If different stressors are highly correlated, it is impossible to distinguish relative importance without further experimentation.  There was a high degree of correlation between potential phosphorus loading (tonnes/ha/year) and the relative sediment increase across the 73 watersheds (Pearson R = 0.62, 95% confidence interval 0.45 – 0.74).  Thus, it was difficult using the available data to separate the importance of phosphorus or sediment independently on system capacity.  Our approach was to create two separate stressor-response curves (i.e., one for potential phosphorus loading independent of the sediment index and vice-versa) and acknowledge that the observed response could be driven by the other stressor.  As the Joe model accumulates cumulative effects multiplicatively (additive on a proportional scale), treating these two curves separately would inappropriately overemphasize the expected response. To overcome this issue, we treated sediment and phosphorus in the Joe model using a limiting factor approach.  Simply, only the strongest, negative response from either the phosphorus or sediment stressor-response curves is used to calculate final system capacity.  Anytime a watershed shows either phosphorus or sediment to be a hypothesized key driver, it must be acknowledged that the other stressor (i.e., sediment or phosphorus, respectively) could be the driver given the collinearity.

[bookmark: _Hlk158040909]Source of stressor data to apply the function:
The sediment index is calculated as the total expected sediment export for 2010 divided by the total expected sediment export before substantial industrial activity (i.e., 1910). Total expected sediment export was calculated following the Event Mean Concentration method described in Donahue (2013) and is based on land cover type and annual precipitation within the natural region. Sediment runoff values were obtained from the Upper Bow River Basin Cumulative Effects Study (ALCES, 2012) and sediment delivery coefficients were obtained from Stelfox et al. (2008). Delivery coefficients for OHV trails were assigned a value of 6% based on the work of Welsh (2008). Total estimated sediment export was calculated in ALCES Online © within the spatial unit of interest.
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Figure 1: Stressor-response curve depicting the expected relationship between relative increase in sediment loading from 1910 conditions and system capacity of the three species of native trout.

Stressor-Response Table
Table 1: The relationship between February flow withdrawal and system capacity. 
	Sediment (x-fold increase)
	System Capacity (%)
	SD
	Lower Limit
	Upper Limit

	1
	100
	0
	0
	100

	1.5
	70
	0
	0
	100

	2.5
	50
	0
	0
	100

	4.4
	20
	0
	0
	100

	10.8
	0
	0
	0
	100

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	





SR Function Confidence and Sources of Uncertainty
This uncertainty rubric was populated based on a summary report, not by the authors of the function with the original data. These rankings should be reassessed if additional information is available.  
	
	Low Confidence
	Moderate Confidence
	High Confidence

	Data Source for SR Function
	
	X
	

	Rationale -->
	Data for this curve was developed from a broad landscape correlation between sediment and watershed-wide trout abundance (categorical data). While based on a quantitative correlation, the function lacks specificity (to species or point source location) or empirical testing. 

	Shape of SR Function
	
	X
	

	 Rationale -->
	The function is strongly negative, but the precise shape of the decline is based on broad categorizations of fish abundance (FSA category). There was clear separation between FSA categories due to sediment loading.

	Data Variance/
Consistency
	
	X
	

	 Rationale -->
	The function was significant and strongly negative, with tighter confidence intervals than those found for phosphorus.

	Applicability to System
	
	
	X

	 Rationale -->
	The function was built for the three species, which are anticipated to respond similarly to sediment. The data was based on modelled sediment score and recorded FSA category specifically for the watershed in which the model was run.  

	Potential Stressor Interactions 
	X
	
	

	 Rationale -->
	There is significant potential for stressor interactions because this function was developed from landscape correlation. Numerous possible stressors could co-vary with sediment and have the same observed effect on fish population status. Note: There was strong correlation (Pearson R = 0.62, 95% confidence interval 0.45 – 0.74) between sediment and phosphorus, so these two functions were treated with a limiting factor approach, rather than multiplicatively. 





Recommended Citation
This document should be cited as:
Government of Alberta. 2024. Sediment stressor-response function for Athabasca Rainbow Trout, Westslope Cutthroat Trout, and Bull Trout. Environment and Protected Area Native Trout Cumulative Effects Model.
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